Abstract. Environmental flow is necessary for securing ecological health status of a river. Around the Dhaka city of Bangladesh the Turag, an ecologically critical area, is an important river. Environmental flow assessment of the Turag can help to sustain ecosystem and navigation in it. The aims of the research are to estimate environmental flow of the Turag and to assess current flow condition. Mean daily discharge data recorded by Bangladesh Water Development Board had been collected and analyzed for two periods (1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004) and (2005- 
INTRODUCTION
Variability of river flow influences water quality, energy cycles, biotic interactions and habitat of rivers (Naiman et al 2002) . More recent time the river scientists refer to the flow regime in freshwater systems as a master variable due to its strong influence on the environmental factors e.g. water chemistry, physical habitat, biological composition and interactions (WB, 2008) . Minimum flow in rivers and streams is necessary to provide a certain level of protection for the aquatic environment (Jowett, 1997) . Although human manipulation of river flow provides many societal benefits, it also degrades and eliminates valuable ecosystem services and threatens freshwater biodiversity (Bunn and Arthington, 2002; Magilligan and Nislow, 2005) . There is now widespread understanding that the environment is a legitimate user of the river. The environmental flow or the provision of water within rivers to conserve freshwater biodiversity while meeting the water demand of human society is needed for most riverine systems (Brown and King, 2003) . To evaluate the ecological effect, indicators are needed to evaluate the overall ecological health of the river and the degree of hydrologic alteration caused by a particular operating policy (Gao et al., 2009) .
It is possible to describe flow regime in terms of environmental flow components. Environmental flows are a regime of flow in a river or stream that describes the temporal and spatial variation in quantity and quality of water required for freshwater as well as estuarine systems to perform their natural ecological functions including sediment transport and support the cultural and livelihood activities that depend on these ecosystems (Tare, 2011) . The health and integrity of river systems ultimately depend on these components, which may vary seasonally (Mathews and Richter, 2007) . Moreover, environmental flow is necessary for securing ecological health status of a river. River health is often equated with "biological integrity", which has been defined as "the capability of supporting and maintaining a balanced, integrated, adaptive community of organisms having a composition and diversity comparable to that of the natural habitats of the region" (Frey, 1977) .
Improved quantitative evaluations of humaninduced hydrologic changes are needed to advance research on the biotic implications of hydrologic alteration and to support ecosystem management and restoration plans (Richter et al., 1996) . The concept of environmental flow is relatively new in Bangladesh. Organizations responsible for water management are becoming increasingly aware of their responsibilities for environmental protection, creating an increasing interest in methods of assessing flow requirements for different instream uses (Jowett, 1997) . Now a day most of the rivers around the main cities of Bangladesh are polluted because of receiving huge amount of partially treated and untreated sewage effluent, sewage polluted surface run-off and untreated industrial effluent from nearby residential and industrial areas. The Government of Bangladesh (GoB) is solely responsible to maintain environmental flow in the rivers. By imposing importance on the environmental flow, the GoB makes one of the seven strategies to assess environmental flow requirement after prioritizing twelve major issues/problems as the main sources of coastal and marine pollution (DoE, 2007) . The capital city Dhaka is surrounded by the rivers named Balu, Buriganga, Dhaleshwari, Shitalakhya, Tongi khal and Turag (Fig. 1) . The flow of the Turag River is the main source of water into the Buriganga, particularly during the dry period (Kamal 1996; Alam 2003 ) and the Buriganga is the main navigation route to the southern part of Bangladesh. The Turag River has been declared as ecologically critical area (ECA) by the Department of Environment on September 2009 (DoE and LGED, 2010) .
Present study aims to estimate environmental flow of the Turag River which can be used for future reference in management purposes and to assess the flowing condition of the river through the comparison between past and more recent time.
MATERIALS AND METHODS

Study area and data collection
The Turag River is the upper tributary of the Buriganga. The Turag originates from the Bangshi River (Fig. 1) . The Turag flows through Gazipur district and joins the Buriganga at Mirpur in Dhaka district. The Tongi Khal links the Turag with the Balu River (Choudhury and Choudhury, 2004) . The entire regime of the Turag is almost a semi-funnel shaped basin and its catchment is located on the central and southern part of the Madhupur tract and flows from north to south within the basin and its length is about 40 miles and 15 miles in wide to the maximum. The average width and depth of the river are about 218m and 13.5m, respectively. It has a total area of 386 square miles (Uddin, 2005) . From 1989 to 2009 mean daily discharge (cms) data had been collected from Bangladesh Water Development Board (BWDB). Among these years, the supplied data had been missing for 1994, 1995 and 2007. 
Analysis of flow characteristics
The historical river data had been analyzed under two periods named P1 (1989-2004) 
Estimation of environmental flow
An instream flow policy requires clear and measurable goals, ideally defining the goal (e. g. retention of a resource or instream use), the extent to which this is to be achieved (i.e. level of protection) and criteria for evaluating the achievement (Beecher, 1990) . In practice, either the proportion of the flow, wetted perimeter or physical habitat that is retained by a minimum flow is used as a measure of the level of protection (Jowett, 1997) . There are 207 methods from 44 countries that had been used to assess environmental flow (Tharme, 2003) . The different methods of environmental flow assessment used all over the world can be grouped into four main categories: hydrological, hydraulic rating, habitat simulation and holistic methods (Tharme, 2003 and King et al., 2000) . Again quantitative instream flow methods are generally divided into three major categories: historic flow regime, hydraulic and habitat (Jowett, 1997) . Among these methods hydrological (or historic flow regime) is the easiest to use and the required data is only the historic flow records of the stream concern (Mullick et al., 2010) . For the research work, Mean Annual Flow (MAF) method (Tennant, 1976) , Flow Duration Curve (FDC) method and Range of Variability Approach (RVA) (Richter et al., 1997) were used to estimate the environmental flow which are under the hydrological method. In MAF method environmental flow requirement is set at different percentage of the mean annual flow that varies from 10% to 200%. The percentage is set considering the desired habitat quality ( Table 1 ). The FDC is a very useful tool for assessing the overall historical variation in flow (Lamb et al., 2009 ). The RVA method provides a flow target that resembles the natural flow regime with the primary objective of protecting natural ecosystem (Mullick et al., 2010) . The IHA software (version 7.1) had been exercised to acquire required calculation of FDC and RVA to estimate environmental flow of the Turag River. 
RESULTS AND DISCUSSION
General characteristics of the Turag
In the dry season (November to February) the water flow is the lowest in the Turag. By considering mean monthly annual flows, September is the highest flowing (639 cms for P1 and 542.7 cms for P2) month, January is the lowest flowing (205.1 cms) month for P2 and May is the lowest flowing (410.2 cms) month for P1. Some other general characteristics are shown in Table 2 . The estimated high and extreme low flow thresholds for the Turag are 611 and 193.9 cms respectively. Comparing with each other, P2 significantly reduces high flow and shows larger portion of flow flows below the extreme low flow threshold (Fig. 2) . For P1 about 41% of total flow flows over high flow threshold that reduces to about 16% for P2. Again the portion of extreme low flow threshold increases from about 2% to 36% for P1 and P2 respectively. 
Environmental flow components (EFCs) of the Turag
The IHA software calculates 34 parameters under 5 groups of Environmental Flow Components (EFCs) as shown in Table 3 . Low flow season (February to May) is the main concern to estimate environmental flow of the river. Considering EFCs, monthly low flows of the Turag show clear reduction of flow from P1 to P2 (Table 3) . According to Julian date of peak flow for P2 extreme low peak of the Turag occurs during the pre-monsoon period (at May), however, for P1 extreme low peak takes place during the monsoon period (at September) of Bangladesh. Again at September during the monsoon period, small flood occurs for both P1 and P2. 3.3. Estimation of environmental flow
RVA analysis
In IHA software, the RVA targets are computed setting at +/-1 standard deviation. In setting such target it is implicitly assumed that values within these limits from the mean are not expected to have significant impact on stream ecology (Mullick et al., 2010) . The RVA targets with mean monthly flow for two periods (P1 and P2) are presented in Fig. 3 . It is clearly seen that at P2 period the Turag flows below the lower range of RVA which last from December to May that exceeds the months of the low flow season (February to May). In this method, the Turag should have at least 206.5 cms of flow to meet environmental flow requirement which is the lowest value of the lower range of RVA. 
Flow duration curve (FDC) method
A flow duration curve (FDC) represents the relationship between the magnitude and duration of stream flows; duration in this context refers to the overall percentage of time that a particular flow is exceeded. In practice, FDCs are used mainly in relation to the setting of environmental flow objectives. In the United Kingdom, Q 95 flow (the flow exceeded 95% of the time according to the FDC) has been used historically to represent the low flow in a river (Lamb et al., 2009 ). This means that abstraction is permitted for the flow which is greater than the Q 95 .
In case of Bangladesh Mullick et al. (2010) and Hossain and Hosasin (2011) used 90% (or 90th percentile) to represent the low flow in the Tista and the Dudhkumar respectively, two northwestern rivers of the country. Again for Bangladesh, the mentioned authors set 50% (or 50th percentile) for high flow season to determine environmental flow requirement. The FDC for the Turag is shown in Fig. 4 and the environmental flow requirement is in Table 4 
Mean annual flow (MAF) method
This method is generally known as Tennant method. The mean annual flow of the Turag is 477.19 cms (Table 2 ) which is calculated with defined percentage as described in Table 1 and the results are shown in 
Change of flow in the Turag
Hydrologic alteration (HA) can be used to determine change of flow in the river which is calculated by the IHA software according to the following equation -A positive HA value means that the frequency of values in the category has increased from pre-to postcondition (with a maximum value of infinity), while a negative value means that the frequency of values has decreased (with a minimum value of -1) (TNC, 2009 ). From Table 6 , it is evident that significant increase in alteration occurs at P2 for low RVA. In case of high and middle RVAs, increase in alternation occurs only at July and September months respectively and at other months the RVAs decrease. Mean annual flow, maximum and minimum annual flow are reduced about 35%, 42% and 9% respectively from P1 to P2 (Table 2) . Considering environmental flow estimated by RVA method, only about 3% of total flow flows below this value for P1 period and about 40% flows for P2 period. From FDC, in Fig. 4 , the change of flow can also be verified. For P2, the annual FDC clearly alters significantly especially after 37.5% of exceedance probability. After 85% of exceedance probability annual FDC of P2 sharply reduces comparing with P1. Again at P2 period, significant amount of flow reduces during low flow (about 66%) and intermediate flow (about 53%) seasons and during high flow season the reduction rate is about 17% (Table 4) . In MAF method, the river flow also significantly reduces from P1 to P2 periods. Less than 2% of total flow flows below the estimated environmental flow (190.88 cms) for P1 and about 36% flows below for P2 period.
CONCLUSION
The estimated environmental flow requirement of the Turag according to RVA, FDC and MAF methods are 206.5 cms, 180.77 cms and 190.88 cms, respectively. By taking average of these values the Turag should have at least 192.72 cms all the year around to meet environmental requirement or instream demand. Mean, maximum and minimum annual flows are reduced about 35%, 42% and 9% respectively from P1 to P2 periods. Considering environmental flows estimated by RVA and MAF methods, about 40% and 36% of total flow of P2 period flow below the estimated required environmental flow. Again in FDC method, about 35% flows are flowed below the required environmental flow during the low flow season of P2. Therefore, in all scenarios the Turag suffers from significant hydrologic alteration that reveals reduction of flow in recent time.
